This paper describes some factors to which attention should be paid when atrial natriuretic peptide (ANP) values are to be interpreted. Changing from the supine to the sitting position decreased ANP levels, while no further decrease was observed when the upright position was assumed. On the other hand, plasma renin activity (PRA) increased only when changing from the sitting to the upright position. Returning to the supine position decreased PRA, while ANP did not change. Under these conditions plasma aldosterone levels did not differ in any of the four positions. No correlation was observed between the percentage changes of ANP, PRA and aldosterone. ANP values measured in 66 healthy subjects positively correlated with age (r = O'59, P < 0,01). To study intra-individual variation, ANP was sampled eight times within one hour. The mean, standard deviation and the coefficient of variation (CY) for each subject were calculated. The CY of9 out of IS subjects significantly exceeded the intra-assay coefficient of variation (7'0%), thereby indicating that ANP levels, like those of many other hormones, may exhibit endogenous fluctuations.
The discovery of atrial natriuretic peptide (ANP), a diuretic and natriuretic hormone secreted by cardial myocytes,' is now regarded as a major contribution to the understanding of the hormonal control of the body fluid regulation.vv' The primary stimulus for secretion of ANP seems to be stretch of atrial myocytes.' ANP values are positively correlated with atrial pressures, and ANP levels rise in response to volume-expansion by saline infusion.v"
In the past few years, various methods to determine ANP levels in human plasma have been described.t" As plasma components interfere in the direct method, prior extraction of the plasma is recommended for accurate determination of the ANP level. IJ , I4 However, little is known about the factors that might influence the secretion of ANP under physiological conditions. Therefore, using a specific assay for ANP based on prior extraction of the plasma on Seppak C-18 columns, we studied the influence of age and posture on human ANP levels.
In a previous study," we observed a pronounced intra-individual variation in ANP levels and speculated that the heart secretes ANP in a Correspondence: A Tan. pulsatile way rather than continuously. In order to assess the significance of a possible biological variation in ANP levels, we measured ANP serially during a 52·5 min period.
Methods and study design

METHODS
The extraction method for determination ofANP was performed as described previously. 16 In short, 1·0 ml of acidified plasma was applied to Seppak C-18 columns, eluted and subsequently radioimmunoassayed in a non-equilibrium assay using a highly specific antibody raised in sheep and a well-defined monoiodotyrosyl tracer. Sensitivity of the assay was 4 pgjml plasma, recovery averaged 96%. The inter-assay coefficient of variation was 11·6%. All plasma samples from each person were assayed consecutively in the same assay to minimise intra-and inter-assay variation. Plasma renin activity (PRA) was measured using the Phadebas Angiotensin I test (Pharmacia Diagnostics, Sweden), and plasma aldosterone was measured as described previously."
All studies were approved by the local Hospital Ethical Committee. Informed consent was obtained from all subjects.
INFLUENCE OF AGE
To study the influence of age on plasma levels of ANP, blood from 66 healthy persons on a free sodium intake, without a history of cardiovascular, renal or endocrine disorders, aged 22-79 years (29 females, 37 males) was obtained between 0930 and 1000 h, after 30 min in the sitting position and after at least 3 h of fasting. Care was taken that the number of the volunteers was evenly distributed over all age classes. Systolic arterial pressure (SAP), diastolic arterial pressure (DAP) as well as heart rate were recorded. Mean arterial pressure (MAP) was calculated as MAP = DAP ± (SAP-DAP)j3.
otherwise. To study the intra-individual variation, the mean and CV of each person's results was calculated. In order to show the existence of additional variations besides the intra-assay variation, the hypothesis that the intra-individual CVs belong to the same distribution as the intraassay CV was tested using the one-sided Wilcoxon two-sample test. In addition, for each subject we examined whether the intra-individual CV exceeded the inter-assay CV, using the onesided Student's t-test. To assess any significant changes in ANP during the study period, differences between initial and successive ANP values were tested using the paired Student t-test with Bonferroni's correction.
Results
FIG I. ANP levels in 66 healthy subjects. ANP correlated significantly with age (r=0'57, P<O·OI).
POSTURE
Change of position from supine to sitting significantly decreased ANP levels, while PRA levels did not differ. In contrast, changing from the sitting to the upright position did not further decrease ANP while PRA markedly rose. Plasma
INFLUENCE OF AGE
The values obtained from the 66 healthy volunteers ranged from 8·3 to 86·8 pgjml (mean±SD=35'3 ± 16·2 pgjml). Although a wide range of ANP values was observed, ANP correlated positively with age (Spearman r = O'57, P < 0'01, Fig. I ). Both mean arterial pressure and systolic arterial pressure were positively correlated with ANP (r=0'27, P<0·05 and r=0·28, P < 0,05, respectively). However, these correlations disappeared when a correction for age was applied. Neither heart rate nor diastolic arterial pressure correlated with ANP.
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:-. After insertion of a cathether into an antecubital vein, blood was withdrawn for measurement of ANP, PRA and aldosterone in 19normal subjects (12 males, 7 females, aged 20-27 years) after one hour in the supine position, 15 min later in the sitting position and 15 min thereafter when the subjects were standing upright. Additionally, in 9 of these subjects blood was also sampled 15 min later when the subjects were in the supine position again.
INTRA-INDIVIDUAL VARIA TION
Fifteen healthy volunteers (8 males, 7 females, aged 20-25 years), after fasting overnight, participated in the study. No coffee or cigarette smoking was allowed. After having rested for 30 min in the supine position, blood (7 ml) was sampled 8 times during a 52·5 min period (at intervals of 7·5 min) starting at 0900 h. The samples from each person (n = 8) were measured in the same assay run. All plasma samples from this study were measured in three consecutive assays performed within one week.
To obtain an accurate estimate of the intraassay coefficient of variation (CV) for ANP, the CVs of 18 different plasma samples (endogenous ANP levels ranging from 12·5 to 55·8 pgjml, each samples was measured six times in the same assay) were determined. The CVs ranged from 3·0 to 11·4% (mean±SD=7'0±2'5%, median value 6,6%), and were approximately normally distributed (Shapiro-Wilk normality test P=0·6). correlate with PRA or aldosterone. PRA correlated with plasma aldosterone levels only in the initial supine position (r=0'59, P<O'OI) and in the sitting position (r=0'65, P<O·OI).
Position
Supine
Sitting Upright
• P<O·Ol vs supine position; t P<O·Ol vs upright position.
aldosterone did not differ in any of the three positions (Table 1 and Fig. 2) . No correlation was observed between the percentage decrease in ANP from the supine to the upright position and the corresponding percentage increases in PRA or aldosterone. Also, the percentage changes in PRA and aldosterone were not correlated.
In a subset of nine subjects, hormone levels were also measured after changing from the upright to the supine position again. The results of these subjects are shown in Table 2 and Fig. 3 . While PRA decreased after changing from the upright to the supine position, no significant changes in ANP or aldosterone was observed.
In none of the four positions did ANP values INTRA-INDIVIDUAL VARIA nON ANP levels were measured consecutively eight times at fixed intervals during a 52·5 min period in 15 healthy volunteers. The mean, SD and CV were calculated for the data on each individual. The results are depicted in Table 3 . The CVs in these subjects varied widely, from 5·4 to 23·1%. Using the one-sided Wilcoxon two-sample test, the hypothesis that the intra-individual CVs belonged to the same distribution as the intraassay CVs (7,0 ±2,5%) could be rejected at P=O·OOI. The CV in 9 subjects significantly exceeded the intra-assay CV(P = 0,05), indicating that the intra-individual variation observed in these subjects could not be explained solely by assay variations. During the study period, no consistent change of ANP with time was observed.
Discussion
The present study describes the effect of posture on three hormones influencing body fluid regulation. ANP can be regarded as a counter-regulatory hormone, with opposite effects to those of PRA and aldosterone.v" Increasing atrial pressure by saline infusion, water immersion or high salt diet increases ANP levels." 18, 19 Solomon et al. 20 using a tilt-table, increased the venous return to the heart and observed an increase in ANP levels. This increase was markedly diminished by inflation of antishock-trousers which apply positive pressure to the legs and lower abdomen, thereby attenuating the increase in venous return. Various investigators have reported an increase of ANP levels after changing from the upright to the supine position.j"-22 However, to our knowledge no data are available concerning ANP levels in the sitting position as compared to both the supine and the upright position. As in an outpatient clinic blood for determination of ANP concentrations is usually sampled in this position, it was of interest to compare the effects of these three commonly encountered posture positions on plasma concentrations of ANP. In our study, ANP decreased when the volunteers changed from the supine to the sitting position. However, no further change in ANP was observed when the upright posture was assumed. Possibly, more than 15 min would be needed for a further decrease in ANP. In contrast, PRA increased only when changing from the sitting to the upright position. Assuming the supine posture again after standing upright decreased PRA levels while ANP did not change. The lack of correlation between the percentage changes in ANP and PRA is a further indication that during short-term physiological changes the regulation of these two hormones is not reciprocally related. These data show the importance of the position of the patient for correct interpretation of both ANP and PRA values.
Several investigators have reported higher basal concentrations of immunoreactive ANP in elderly subjects as compared to young subjects.P: 24 However, in these studies ANP concentrations found in one group of elderly subjects TABLE 3 . Intra-individual of ANP levelsin man. The coefficient of variation (CV) in eight out of 15 subjects significantly exceeded the intra-assay variation (7'0±2'5%)
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were compared with those found in one group of young subjects. Therefore, to study the influence of age on ANP, ANP concentrations were measured under standardised conditions in 66 normal persons varying in age from 22 to 79 years. To minimise external factors that might influence the endogenous ANP level, blood was sampled in the morning between 0930 and 1000 h, after half an hour in the sitting position. Furthermore, care was taken that all age classes were evenly represented. A significant correlation between the ANP value and the age of the person was observed, with plasma levels in older persons (70 years and older) being almost twice those of younger persons (20-25 years). One factor which could contribute to the higher ANP levels in elderly subjects is a decreased clearance ofANP. 25 These results indicate that ANP concentrations increase progressively with advancing age and that the higher ANP levels observed in aged subjects do not represent alterations in ANP production or metabolism present only in this age group.
Previously we studied the influence of venepuncture stress on ANP and collected two plasma samples from the same person within a period of 30 min." Although no consistent change in ANP was observed, some subjects displayed a disturbing discrepancy in ANP values during this 30 min period. In the current study, we extend these observations. All plasma samples from the same person were assayed in the same run, thereby limiting assay variations. Furthermore, a period of 52·5 min with blood sampling each 7·5 min was chosen to limit the possible influence of a diurnal rhythm of ANP. The total amount of blood collected during this period was approximately 60 ml, while haemorrhage of 500 ml did not significantly influence ANP levels." The study started at 0900 h, and the subjects had been in the supine position for half an hour. No coffee or smoking (possibly influencing the blood pressure) was allowed. Despite these precautions, in 9 out of 15 subjects the observed variation in ANP levels could not be attributed to intra-assay variations alone. As no consistent change of ANP during this period was observed, the observed variation cannot be attributed to a diurnal rhythm, the effect of haemorrhage, the effect of assuming the supine posture, or to the effect of having had a meal. In our opinion, the only other factor that could explain the observed intra-individual variation is the existence of endogenous fluctuations in ANP levels. Further research will be needed to investigate this possibility.
In conclusion, some factors that may hamper the interpretation of ANP values are discussed in this paper. ANP concentrations increase with age, and are influenced by the position of the patient. Like other hormones, ANP exhibits endogenous intra-individual fluctuations.
